Method for holding a substance in suspension as well as a bioreactor 

The invention relates to a method for holding a substance in suspension 
in accordance with the preamble of claim 1. The invention further 
relates to a bioreactor for holding a substance in suspension in accor- 
deince with the preamble of claim 7. 

The artificial production of tissue material, designated in English as 
**tissue engineering", is increasingly gaining in importance in order to 
produce biologicad substitutes for damaged tissue or damaged organs. 
Artificial tissue material can be produced in that cell cultures in vitro 
are deposited at or in a tissue carrier, also termed a matrix. The tissue 
carrier consists for example of a sjnithetic polymer or of a biological 
material such as collagen. A tissue carrier of this kind is also desig- 
nated as a "scaffold". The cells are sown out onto the tissue carrier and 
begin to multiply if the environmental parameters are physiologically 
favorable. The tissue carrier can be designed in such a manner that the 
latter disintegrates with time, so that after a certain time only the tissue 
part which is formed from the cells is present. The tissue carrier and/ or 
the tissue carrier which is formed on it is designated as "substance" in 
the following. The conditions which are required for the cell growth are 
produced in a bioreactor, within which the required oxygen and a nutri- 
ent medium are supplied to the substance and within which the sub- 
stance remains from several days to weeks until the desired size has 
been reached. The geometrical shape which the artificially produced tis- 
sue material assumes during growth is substantially influenced through 
the measures by means of which the substance is held in the bioreac- 
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Thus in the following the term "substance" will be understood to mean 
both the tissue carrier per se and the tissue carrier with cells deposited 
on it, or, if the tissue carrier is designed to be decomposable, the artifi- 
cially produced cell culture or the artificially produced tissue part 
respectively. 

The object of the present invention is to propose a method for holding a 
substance in a bioreactor which enables an advantageous growth. It is 
furthermore an object of the present invention to propose a bioreactor 
which has advantageous properties with respect to the growth of cell 
cultures. 

This object is satisfied by a method having the features of claim 1 . Sub- 
ordinate claims 2 to 6 relate to further, advantageous method steps. 

This object is further satisfied by a bioreactor having the features of 
claim 7. Subordinate claims 8 to 29 relate to further, advantageously 
designed bioreactors. 

The object is satisfied in particular by a method for the holding in sus- 
pension of a substance in a bioreactor in that the substance is acted 
upon with a fluid and the flow of the fluid acts counter to gravity or 
buoyancy in such a manner that the substance is held in suspension. 



The method in accordaince with the invention has the advantage that 
the substance is held without contact in the bioreactor in that the fluid, 
usually a liquid, has a flow which is developed in such a manner that 



the substance is held without contact by the flow, which acts counter to 
gravitation. In this the substance is usually also kept continually in 
motion so that its position changes continually. The method in accor- 
dance with the invention has the advantage that the cells grow uni- 
formly at or in the substance respectively and the growth of the sub- 
stance is favored. Disadvantageous in the previously known methods for 
the artificial production of tissue is that it had been possible to produce 
only flat, substantially two-dimensional structures. 

In a particularly advantageously designed method the fluid has an in- 
creasingly slower flow speed in the direction opposite to gravitation. 
This flow behavior is for example produced in that the flowing fluid is 
led from below into a hollow body having the shape of a truncated cone 
which widens upwairdly. The cross-section of the hollow body, which 
widens upwardly, causes the flow speed in the hollow body to be re- 
duced with increasing height. The substance is continually held in sus- 
pension in the inner space of the hollow body, with the side walls of the 
hollow body limiting a lateral movement of the substance, so that the 
substance is always located in the upwardly flowing liquid. With in- 
creasing cellular growth the weight of the substeince increases, so that 
the substance moves slightly downwards in the inner space of the hol- 
low body and finds agadn a new equilibrium position there. The sub- 
stance thus automatically seeks the respective equilibrium position. It 
can however prove advantageous to monitor the position of the sub- 
stance with a sensor and to influence the speed of the upwardly flowing 
fluid by means of the measured signal. Thus the speed of the fluid can 
for example be regulated in such a manner that the substance is con- 
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tinually held in suspension in a predetermined position. 

In an advantageous method, in addition to the upward flow within the 
bioreactor a downward flow is also produced, with a gaseous fluid such 
as air or oxygen being supplied to the downwardly flowing fluid, usually 
a liquid. The speed of the downwardly flowing fluid is advantageously 
chosen such that the gaseous fluid which is input is slowed down or no 
longer rises at all, so that the gaseous fluid remains relatively long in 
the flowing fluid and can be taken up or absorbed respectively by the 
latter. 

The object in accordance with the invention is further satisfied in pair- 
ticular by a bioreactor comprising a container for a substance which is 
to be acted upon with a fluid, with the container comprising a first flow 
chamber to which a flowing fluid can be supplied and with the first flow 
chamber being designed in such a manner that the fluid which flows 
upwardly therein has a lower speed with increasing height. In a par- 
ticularly advantageous design the flow chamber has a cross-section 
which widens upwardly. 

In a further advantageous design a flow guiding means is arranged 
within the bioreactor and forms a flow chamber which widens upwgirdly. 
In addition this flow guiding means preferably forms a further, second 
flow chamber within the bioreactor, with the second flow chamber di- 
verging downwardly and with a gaseous fluid being introducable into 
the second flow chamber. 

In a further, advantageous embodiment a drivable pump wheel is 
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arranged within the bioreactor, with the help of which the flow of the 
fluid within the bioreactor can be produced. The pump wheel is advatn- 
tageously magnetically coupled to a drive which is arranged outside the 
housing of the bioreactor. The bioreactor housing and the pump wheel 
are advantageously conceived as a disposable or once-only product re- 
spectively so that the latter can be disposed of after a single use. These 
parts can be manufactured economically. For example the pump wheel 
comprises a vaned wheel of plastic into which is cast a permanent mag- 
net- All expensive components such as the drive apparatus are arranged 
outside the bioreactor. The design of the bioreactor as a disposable 
product has the advantage that no laborious cleaning process is re- 
quired and that a contamination of the artificially produced tissue ma- 
terial is largely excluded. The avoidance of contamination is of decisive 
importance since the substance remains for example 4 to 8 weeks in the 
bioreactor, until sufficient tissue material has been formed. Since the 
bioreactor has no immune reaction system, the smallest contaminations 
such as bacteria, fungi or viruses can already result in the produced 
artificial tissue dying off or being contaminated. Through the design of 
the bioreactor as an expendable product, artificial tissue material can 
be economically and reliably produced. 

The invention will be explained in the following with reference to a plu- 
rality of exemplary embodiments. Shown are: 

Fig. 1 a longitudinal section through a first bioreactor; 



Fig. la 



a perspective detail view of the flow guiding means; 



Figs. 2a, 2b longitudinal sections through further exemplary embodi- 
ments of bioreactors; 

Figs. 3a - 3d longitudinal sections through further exemplary embodi- 
ments of bioreactors; 



Fig. 4 a longitudinal section along the line B-B through a fur- 

ther bioreactor with a magnetically coupled vaned wheel; 

Fig. 5 a section through Fig. 4 along the line A-A; 

Fig. 6 a longitudinal section through a further bioreactor with a 

vaned wheel which is arranged at the closeable opening; 

Fig, 7 a longitudinal section along the line D-D through a fur- 

ther bioreactor with a magnetically coupled vaned wheel; 

Fig. 8 a section through Fig. 7 along the line C-C; 

Fig. 9 a longitudinal section through a further bioreactor; 

Fig. 10 a longitudinal section through a further bioreactor; 

Fig. 11 a longitudinal section through a further bioreactor. 



The bioreactor 61 which is illustrated in Fig. 1 comprises a container 62 
which has an opening 62c at the top, which can be closed by a closure 
63. Arranged in the inner space of the container 62 is a flow guiding 
means 66 having the shape of a truncated cone which is formed as a 



hollow body, the cross- sectional area of which increases upwardly. The 
inner space of the container 62 is largely filled with a liquid 64, which is 
set into a circulation flow by the vaned wheel 65c of the motor 65, so 
that the liquid 64 has the flow direction which is illustrated by the 
arrows 64a, 64b, 64c. The liquid which flows in the direction of the 
arrows 64a enters from below with relatively high flow speed via the 
entry opening 66d into the inner space 66a of the flow guiding means 
66, flows upwards in the inner space 66a with decreasing speed, and 
leaves the inner space 66a at the top again with relatively low flow 
speed through the outlet opening 66e, as illustrated by the arrows 64b. 
In the inner space 66a the flow speed decreases as a result of the up- 
wardly widening cross-section. The inner space 66a forms the first flow 
chamber. If the diameter of the outlet surface 66e is for example twice 
as great as the diameter of the inlet surface 66d, then the speed at the 
outlet surface 66e corresponds to one fourth of the speed at the inlet 
surface 66d. The buoyancy force which is caused by the flow speed still 
amounts at the outlet surface 66e to one sixteenth of that at the inlet 
surface 66d. The substance 73, which is arranged in the inner space 
66a, is held in an equilibrium position through the upwardly flowing 
liquid, with the suspension level, i.e. the equilibrium position of buoy- 
ancy force and gravitation, setting in by itself as a result of the weight 
and the working surface of the substance. 

Arranged above the flow guiding means 66 is a pump 65, which com- 
prises an iron stator 65a which is arranged outside the container 62 
and a rotor 65b which is arranged within the container 62. A vaned 
wheel 65c is firmly connected to the rotor 65b. An apparatus of this 



kind comprising a stator and a rotor which is held and driven by mag- 
netically acting forces is also designated as a bearingless motor and is 
known to the skilled person, for example from the specification 
WO 96/31934. 

The vaned wheel 65c produces the circular flow which is illustrated with 
the arrows 64a, 64b, 64c. Formed between the container 62 and the 
flow guiding means 66 is an inner space 62e, ailso designated as second 
flow chamber, having a cross-sectional area which widens downwardly. 
This has the result that the liquid which flows downwardly in the flow 
direction 64c has a flow speed which decreases downwardly. 

Arranged at the bottom in the inner space 62e is a ring-shaped dis- 
tributor 67, through which air or oxygen is led in for the gasification of 
the liquid 64, which forms air bubbles 68 within the liquid 64 which 
have the tendency to rise. Through the liquid, which flows downwardly 
in the direction 64c, the rising of the air bubbles 68 is delayed or pre- 
vented, which furthers the gas exchange to the liquid 64. 

The container 62 is surrounded on the outside by a ring-shaped heating 
apparatus 69. The inner space of the container 62 is supplied via an 
inlet line 67a and an outlet line 67b with a nutrient liquid. A measure- 
ment probe 72 with probe head 72a enables for example a monitoring of 
the pH value or the temperature of the liquid 64. 

The bioreactor 61 illustrated in Fig. 1 has the advantage that the sub- 
stance 73 is easily accessible via a closure 63 having a large diameter. 
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Fig. la shows a perspective illustration of the flow guiding means 66 
with inner space 66a. 

Fig. 2a shows schematically a longitudinal section through a further 
exemplary embodiment of a bioreactor 61, which differs with respect to 
the example which is illustrated in Fig. 1 in that the flow guiding means 
66 is arranged in reverse, which means with a downwardly widening 
cross- section. The pump 65 comprising the iron stator 65a and the 
rotatable part 65b with vaned wheel 65c causes a flow in the direction 
64a, 64b in the liquid 64. The inner space 66a, in which the liquid flows 
S upwards, and in which the substance 73 is held, is located between the 
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flow guiding means 66 and the outer wall of the container 62. 



Fig. 2b shows schematically a longitudinal section through a further 
exemplary embodiment of a bioreactor 61, which differs with respect to 
H the example which is illustrated in Fig. 2a in that the flow guiding 
y means 66 is designed to be seated at the top and that the fluid pump 74 
is arranged outside the container 62, with the pump 74 being connected 
in a fluid conducting manner to the inner space of the container 62 via 
lines 76a, 76b. The fluid which flows in the direction 64a enters from 
below into the inner space 66a and flows around the substance 73. 

Fig. 3a shows schematically a longitudinal section through a further 
exemplary embodiment of a bioreactor 6 1 , which likewise has a fluid 
pump 74 which is arranged outside the container 62 and which is con- 
nected to the inner space in a fluid guiding manner via lines 76a, 76b. 
The flow guiding means 66 is designed to be upwardly widening only on 
the one inner side of the container 62. The substance 73 is held in sus- 
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pension through the liquid which circulates in the direction 64a, 64b, 
64c in the inner space 66a. 

Fig, 3b shows scheraatically a longitudinal section through a further 
exenaplaiy embodiment of a bioreactor 61, which likewise has a fluid 
pump 74 which is arranged outside the container 62 and which is con- 
nected to the inner space in a fluid guiding manner via lines 76a, 76b. 
Along a section 62f the container 62 has an upwairdly widening con- 
tainer wall 62d. Along this section 62f a flow develops with a flow speed 
which decreases upwardly, so that the inner space 66a is formed to 
hold the substance 73 in suspension along this section 62f. 

Fig. 3c shows schematically a longitudinal section through a further 
exemplary embodiment of a bioreactor 61, which likewise has a fluid 
pump 74 which is arranged outside the container 62 and which is con- 
nected to the inner space in a fluid guiding manner via lines 76a, 76b. 
The line 76a opens into a section 62f in the container 62 which widens 
upwardly. A cylindrically designed container section 62 is arranged 
afterwards, within which a linear flow 64a develops and within which 
the substance 73 is arranged. The vertical position of the substance 73 
is monitored by a sensor 85. A regulation apparatus 86 is connected in 
a signal conducting manner via an electrical line 85a, 86a to the sensor 
85 and to the pump 74. The speed of rotation of the pump 74 is 
regulated in such a manner that the substance 73 remains in the region 
of the sensor 85. 

Fig. 3d shows schematically a longitudinal section through a further 
exemplary embodiment of a bioreactor 61, which likewise has a fluid 
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pump 74 which is arranged outside the container 62 and which is con- 
nected in a fluid guiding manner via lines 76a, 76b to the inner space. A 
plurality of, for example three nozzles 70a, 70b open with orientation 
onto the substance 73 inside the container 62, with the flow direction 
which is illustrated by 64a having a flow speed which reduces in the 
upward direction, so that the substance 73 is supported by this flow 
and automatically finds an equilibrium position. 

In all bioreactors 61 which are illustrated in the Figs. 1 to 3d the sub- 
stance 73 is held in a state of suspension by means of the same 
^3 method, namely in that the substance 73 is acted upon with a fluid, the 
C3 flow of which acts counter to the gravitational force acting on the 

sis: 

-u substance 73 in such a manner that the substance 73 is held in 

E 

suspension. In the exemplary embodiments in accordance with Figs. 1, 

^ 2a, 2b, 3a, 3b and 3d the fluid has a lower flow speed in the inner space 

?^ 

C3 66a with increasing height. In the exemplary embodiment in accordance 

W 

with Fig. 3c the speed of the fluid is regulated with a sensor 85 in 
dependence on the position of the substance 73. 

In the exemplary embodiment in accordance with Fig. 1 a downwardly 
flowing flow 64c is produced within the container 62, with a gaseous 
fluid such as air or oxygen being led into this flow 64c. The flow speed 
of the flow 64c can be chosen in such a manner that the gaseous fluid 
which is introduced is slowed down or even no longer rises in the con- 
tainer 62. 



Fig. 4 shows a further exemplaiy embodiment of a bioreactor 61 in a 
longitudinal section along the line B-B in accordance with Fig. 5. 
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Although otherwise designed similarly to the bioreactor 61 illustrated in 
Fig. 1, in the bioreactor 61 in accordance with Fig. 4, the pump 65 is 
arranged at the bottom in the region of the entry opening 66d of the 
flow guiding means 66. A vaned wheel 65c is rotatably arranged within 
the container 62 on a track bearing 65i, with the track bearing 65i lying 
on the contadner wall 62d. A pluredity of permanent magnets 65h which 
are distributed around the periphery is cast into the vaned wheel 65c, 
which consists of a plastic. Arranged outside the container 62 is a 
magnetic coupling which is joumalled so as to be rotatable in the 
H direction 65e and which comprises two bearings 65f and a ring-shaped 
p permanent magnet 65g. The rotatable shaft 65d is driven by a non- 
^1 illustrated motor. A stand apparatus 75 forms a gap pot 75a which is 
designed to be cylindrical and which is arranged to extend between the 

'%Q 

«p two permanent magnets 65g, 65h. The container wall 62d forms a gap 

s 

1^ pot section 62a at the gap pot 75a. The magnetic coupling, which 

stsa, 

i^g" comprises the permanent magnets 65h, 65i, causes the rotational 

motion of the rotatable shaft 65d to be transmitted to the vaned wheel 



65c and the vaned wheel 65c to be held with respect to a tilting motion. 
The vaned wheel 65c is thus passively held magnetically. 

The container 62 and the vaned wheel 65c which is rotatably joumalled 
therein are preferably designed for a single use as an expendable prod- 
uct. The container 62 can be placed onto the heating apparatus 69 as 
well as onto the gap pot 75a, so that the container 62 is held securely 
and the vaned wheel 65c can be driven via the rotatably joumalled 
magnetic coupling. 



- 13 - 



The container 62 can, as illustrated in Fig. 4, have additional openings 
63a, 63b, for example for measurement probes. 

Fig. 5 shows a cross-section along the line A-A in accordance with Fig. 
4. Arranged in the center is the rotatable shaft 65d to which four spaced 
apart permanent magnets 65g are secured. The container wall 62d of 
the container 62 forms a gap pot section 62a. The gap pot 75a is 
arranged between the gap pot section 62a aind the rotatable shaft 65d 
with permanent magnet 65g. The gap pot section 62a is surrounded by 
the vaned wheel 65c, within which four permanent magnets 65h are 
arranged, with their polarization, illustrated by arrows, being oriented 
to be matched to that of the permanent magnets 65g. The flow guiding 
means 66 is connected via fluid guiding parts 62d to the outer wall of 
the container 62. The flow chamber 62e, which widens downwardly, is 
arranged between the flow guiding means 66 and the outer wall of the 
container 62. In addition the ring-shaped distributor 67 is shown. 

Fig. 6 shows a longitudinal section through a further exemplary em- 
bodiment of a bioreactor 61. In contrast to the bioreactor 61 which is 
illustrated in Fig. 1, in the bioreactor 61 in accordance with Fig. 6 the 
pump 65 is arranged in the closure 63 and is designed as a centrifugal 
pump. The pump 65 is designed as a split tube or canned motor and 
comprises the firmly arranged iron stator 65a and the contact-free, 
rotatably journalled, rotatable part 65b, which is designed as a perma- 
nent magnet and which is firmly connected to the vaned wheel 65c. The 
iron stator 65a comprises a soft iron 65k which is surrounded by a plu- 
rality of coils 651. The coils 651 are arranged and can be excited in such 
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a manner that the rotatable part 65b is driven and held without con- 
tact. The closure 63 has a gap pot section 63e, which is arranged in the 
gap between the iron stator 65a and the permanent magnet 65b. 

An arrangement of this kind comprising a stator and a rotor which is 
held and driven with magnetically acting forces is also termed a temple 
motor and is known to the skilled person, for example from the 
specification WO 96/31934, in particular from its Fig. 12. 

The flow guiding means 66 is firmly connected via fluid guiding parts 
62b to the container wall 62d. The flow guiding means 66 has a cross- 
section which widens upwardly in the manner of a belly. The flow guid- 
ing means 66 can be designed in a plurality of further embodiments in 
such a manner that an upwardly enlarging cross-sectional area results. 

Fig. 7 shows a further exemplary embodiment of a bioreactor 61 in a 
longitudinal section along the line D-D in accordance with Fig. 8. In 
contrast with the bioreactor 6 1 which is illustrated in Fig. 4 the pump 
65 has a completely magnetically journalled and driven rotatable part 
65b with vaned wheel 65c. The bearingless drive of the pump 65 is 
illustrated in detail in cross-section along the section line C-C which is 
illustrated in Fig. 8. The method of functioning of a drive of this kind is 
for example disclosed in the specification WO 98/59406. The iron stator 
65a is designed as a cross- shaped sheet metal package 65k, at the arms 
of which coils 651 are arranged. Through a corresponding excitation of 
the coils 651 a rotating magnetic field can thereby be produced. The 
rotatable part 65b comprises four permanent magnets 65h which are 
arranged in the peripheral direction, with two adjacent permanent 
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magnets 65h in each case being polarized in opposite directions. These 
permanent magnets 65h are cast in or encapsulated in the vaned wheel 
65c or in the pump blades 65c respectively. Sensors 65m are arranged 
in the stator which measure the position of the permanent magnets 
65h. Electronic components 75b are arranged in the stand apparatus 
75, comprising an electrical lead 75d for the coils 651 of the motor and 
with an electrical lead 75c for the heater 69. In addition electrical lines 
are arranged which connect the sensors 65m to the electronic 
components 75b. The coils 651 are excited in such a manner that the 
rotatable part 65 with pump blades 65c is held and driven without 
contact. The pump 65 forms an axial pump. The gap pot 75a and the 
gap pot section 62a of the container wall 62d are arranged between the 
iron stator 65a and the rotatable part 65b. 

The stand apparatus 75 and the heater 69 form a firm support and 
holder into which the container 62 can be introduced. This arrangement 
has the advantage that the container 62 can be placed very simply onto 
the stand apparatus 75 with the heater 69, and the axial pump 65 can 
subsequently be operated immediately without the need for additional 
manipulations. The container 62 with rotatable part 65b and pump 
blades 65c is designed as a once-only (disposable) product, whereas the 
expensive components of the stand apparatus 75 and the heater 69 can 
be used as often as desired. In addition the stand apparatus 75 and the 
heater 69 need not be sterile, so that no laborious cleaning process is 
required. Advantages of this arrangement are the facts that the inner 
space of the container 62 can be kept sterile without problem and that 
the stand apparatus 75 can be operated without a laborious cleaning 
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process and thus economically. 

In the container 62 in accordance with Fig. 7 the inlet and outlet lines 
67a, 67b for gases such as O2, CO2, N2, pass through the closure 63b, 
with the inlet line 67a being connected in a fluid guiding manner to the 
ring-shaped distributor 67. The inlet and outlet lines 77a, 77b for the 
nutrient medium pass through the closure 63a. In addition, probes with 
probe heads 72a, for example for the measurement of temperature or 
pH value, pass through the closure 63d. 

Fig. 9 shows schematically a longitudinal section through a further 
exemplary embodiment of a bioreactor 61, which likewise has a fluid 
pump 74 which is arranged outside the container 62 and which is 
connected in a fluid guiding manner to the inner space via lines 76a, 
76b. The line 76b opens into the section of the flow guiding means 66 
which widens upwardly. The fluid is conducted to the fluid pump 74 via 
the lines 76a which are arranged in the base region of the container 62, 
so that the fluid has the flow behavior which is indicated by the arrows 
64a, 64b, 64c. 

In Fig. 10 a further exemplary embodiment of the bioreactor 61 in 
accordance with the invention is illustrated in which cells can be 
cultivated. One recognizes the reaction container 62, which is 
surrounded here by a further vessel 84 which can for example, contain 
water in order, for example, to be able to hold the reaction container 62 
at a desired temperature. Arranged in the reaction container is a hollow 
body 66 in the shape of truncated circular cone which forms the flow 
guiding means 66 and which subdivides the container 62 into an upper 
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chamber 79a and a lower chamber 79b. The jacket of the hollow body 
66 in the shape of truncated circular cone is connected at its upper end 
to the wall of the reaction container 62 and tapers towards the lower 
end of the reaction container. The upper and lower end surface of the 
hollow body 66 are made permeable to gas and liquid, and indeed in 
such a manner that a membrance 80a or 80b which is designed to be 
permeable to gas and liquid is respectively arranged in the region of the 
upper and lower end surfaces. Cell carriers, for example consisting of 
plastic or ceramics, with cells 73, for which the membranes 80a and 
80b are impermeable can be arranged in the cavity which is enclosed 
between the membranes 80a and 80b. The infeed line 70 for the 
nutrient solution N opens in the lower chamber 79b into a ring-shaped 
distributor 68, which surrounds the hollow body 66. In the upper 
chamber 79a a suction device 81 is provided which is connected to an 
outlet line 71 which leads to the reservoir 82, where the nutrient 
solution N which is led off can be renewed or enriched with nutrients 
respectively. For the conveying of the nutrient solution N an expendable 
pump 65 or a pump with expendable parts is provided, which can for 
example be formed as a gear pump or as a centrifugal pump. 

The nutrient solution N which is conveyed by the pump 65 out of the 
reservoir 82 enters into an oxygenator 83, where a gas such as for 
example oxygen can be admixed to the nutrient solution N or carbon 
dioxide removed from it. The nutrient solution N which is thus blended 
with oxygen or freed from carbon dioxide respectively then enters in the 
further course into the ring-shaped distributor 68, which is arranged in 
the lower chamber 79b. With the help of the expendable pump 65 and 
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the suction device 81a liquid flow is produced which is indicated by the 
arrows 64a, 64b in Fig. 5. In the region of the membrane 80b the flow 
speed is comparatively high — it then decreases upwardly as a result of 
the hollow body 66, which widens in the manner of a truncated cone. 
Through a suitable choice of the flow parameters or of the geometry of 
the hollow body 66 respectively a situation can be achieved in which the 
cells 73 or the substance 73 respectively are held in suspension in the 
region between the membranes 80b and 80a. This cain favor the 
formation of a three dimensional cells assembly of cells or tissue part 
respectively. In this exemplary embodiment the supply of nutrient 
solution N on the one hand and of gases such as e.g. oxygen on the 
other hand does not take place separately, but rather the nutrient 
solution N is blended with oxygen before it is introduced with the help 
of the infeed line 70 and the distributor 68 into the container 62. 

Fig. 1 1 shows schematically, in a longitudinal section, a further 
embodiment of a bioreactor 61. This has a container 62 with a first flow 
chamber 66a and a second flow chamber 66f arranged above it. These 
two flow chambers 66a, 66f form a common inner space, which has a 
respective inlet opening 66d for the fluid at the top and at the bottom. A 
ring-like outlet opening 66e is arranged between the upper and lower 
inlet openings 66d by which the fluid can be supplied by means of a 
ring-like discharge passage 66g and the fluid line 76a to the pump 74. 
After the pump 74 the fluid line 76b leads through an oxygenator 83, 
whereupon the fluid line 76b divides into two branches which supply 
the fluid to the upper and /or lower inlet openings 66d. The quantity of 
fluid flowing in these branches can be set or controlled via the first and 
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second clamping devices 87a, 87b. The clamping devices 87a, 87b per- 
mit the diameter of the fluid line 76b to be changed. The clamping de- 
vices 87a, 87b can for example be actuated by hand or can have electri- 
cal drive devices which are connected via« non-illustrated control lines to 
a higher level regulating device. In an advantageous setting approxi- 
mately the same quantity of fluid flows through the two branches of the 
fluid line 76a, so that approximately the same flow conditions arise in 
the first and second flow chambers 66a, 66f, but in opposite directions, 
so that the material or substance 63 is reliably kept in suspension 
within the container 62, both when buoyancy forces are acting and 
when gravity is acting. The substance 73 can thus be kept in 
suspension without an automatic regulation. The position of the 
material 73 can also be monitored and influenced with the aid of an 
automatic regulating system by detecting the position of the substance 
73 with a non-illustrated sensor. Should the specific weight of the 
substance 73 be lighter than that of the fluid, i.e. of the nutrient 
solution, then the material 73 is subject to buoyancy. In this case the 
fluid will increasingly flow into the container 62 via the upper inlet 
opening 66d in order to bring about a downwardly directed fluid flow in 
the second flow chamber 66f, so that the substance 73 is kept in 
suspension by the fluid flow acting against the buoyancy. Should the 
specific weight of the substance 73 change in the course of time and 
become smaller than that of the nutrient solution, so that a downwardly 
acting gravitational force now acts on the substance 73, then the fluid 
is increasingly supplied to the lower inlet opening 66d, in order to 
produce an upwardly directed fluid flow in the first flow chamber 66a 
and thereby a buoyancy force on the substemce 73. The required 
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quantity of fluid per unit of time and the division of the partial 
quantities to the upper and/ or lower inlet openings 66d takes place 
manually or with a non-illustrated regulating apparatus in such a way 
that the substance 73 is continually kept in suspension by 
appropriately selected fluid flows, both with respect to a buoyancy force 
that is acting and also with respect to the gravitational force that is 
acting. 



